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The Economics of Universal Service:
An Analysis of Entry Subsidies for High Speed Broadband
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Results are very preliminary

Abstract

Universal service is a policy objective that all individuals or households have access to some
service. Subsidy policies to accomplish universal service may arise when private provision is
non-universal. In the context of rural high speed wired broadband subsidies, this paper exploits
household-level cable and satellite broadband subscription data from North Carolina to examine
household adoption and substitution patterns and to evaluate how many currently unserved
regions warrant an entry subsidy. This paper has three main findings: (i) fewer than 47% of
households adopt high speed broadband in areas currently served by a single broadband provider,
(ii) there exists a significant elasticity of substitution between high speed wired broadband and
the lower speed options of satellite broadband and DSL, and (iii) a generous upper bound on
the number of regions that warrant an entry subsidy is 67%. These results suggest a policy of
universal service in North Carolina would be unlikely to achieve universal adoption, would connect
many households already with internet access and who would not substitute, and in many regions
would be prohibitively costly even assuming very generous estimates of the consumer surplus
generated. From the perspective of social welfare, to connect the 5% least dense areas of North
Carolina would require each adopting household value broadband access at more than $1550 per

month.

Keywords: Universal service, entry subsidies, broadband, telecommunications
JEL Classification: L96, 197, L51, H71

1 Introduction

Universal service policies arise from an equilibrium in which private firms choose not to serve all
consumers. In the context of goods delivered through wired infrastructure to the household, firms
choose not to extend their wired network to all geographic areas. In this equilibrium, the two

primary theoretical justifications for government provided subsidies are the existence of (positive)
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network externalities, or that private infrastructure costs lie in a region where they exceed variable
profits but not variable profits plus consumer surplus (Goolsbee, 2002). In the case of the former,
the prescribed policy is a per unit subsidy up to the marginal positive externality created by an
additional user, and in the case of the latter, an entry subsidy up to the amount of consumer surplus
not extracted by the private provider.

To evaluate these subsidy schemes in the simplest setting requires estimates of consumer surplus
and the cost of expanding the existing infrastructure.! While universal access is a prerequisite for
universal service, universal adoption is also required to meet the objective. This paper examines the
extent to which universal adoption would occur in geographic areas currently without access to high
speed wired broadband, and for which subsidies have been considered to the extent of 1.8 billion
U.S. dollars per year. To do so, I exploit novel data regarding household-level adoption decisions
provided to me by the largest satellite broadband provider in the United States as well as data
collected from the fourth largest cable provider in the United States. I present three sets of results:
(i) the facts of household-level adoption in regions that exhibit the market structure that would
prevail in currently unserved regions after subsidized entry, (ii) evidence of low willingness to pay
for high speed broadband among an economically significant number of households that currently
accept slower broadband (DSL and satellite), and (iii) estimates of an upper bound on the number
of regions qualifying for a welfare improving entry subsidy.

In my empirical setting of North Carolina, I am able to characterize broadband adoption decisions
(not including DSL, wireless, other) for many regions at the household level. The regions currently
served by a single high speed wired broadband provider are most of interest because they have the
market structure that would prevail in currently unserved regions were subsidized entry to take
place. The high speed wired broadband provider of interest is Charter Communications, as of 2014
the fourth largest cable provider in the United States. In North Carolina’s regions where Charter is a
monopolist of high speed wired broadband, only 47% of households adopt. The remaining households
choose either satellite broadband (1.4%), DSL, wireless, or no access at all. T do not find any evidence
to suggest adoption would be higher in currently unserved regions in response to an expansion of the
wired broadband footprint.

At the time of writing, Charter Communications does not vary its broadband prices across regions
in North Carolina nor do most of its rivals. In the absence of price variation, it is difficult to identify
the curvature of demand to estimate consumer surplus or the elasticity of substitution towards slower
speed technologies. Instead, I identify one measure of effective price variation at the household level
(whether the dwelling is a modular/manufactured home) and one measure of the quality of a slower
form of broadband access (distance to the nearest DSL distribution facility). Modular homes are
frequently built without pre-wiring for cable or telephone lines: households dwelling in such homes
face an additional one-time cost of adopting wired internet access in the range of a few hundred
dollars. I find that households dwelling in modular homes, conditional on the value of the home,
are 17-23% less likely to adopt wired broadband despite the amortized monthly cost of connection
being quite low. This result is not consistent with the claim that such households tend to have lower
disposable income to expand on internet access because such households are at least 43% more likely
to adopt satellite broadband. Secondly, households located within 5 kilometres of a DSL distribution

IMore complicated settings would involve predicting the arrival of new and superior technologies, how to allocate
those subsidies across firms, circumstances under which subsidies would cease, etc.



facility (the effective radius of the range of DSL broadband) are 13-26% less likely to adopt cable
and at least 14% less likely to adopt satellite broadband. Further, households within this radius
are less likely to adopt either cable or satellite broadband the closer they are located to the DSL
distribution facility. This evidence indicates that households are willing to substitute between cable
broadband and DSL, and suggests that if access to high speed wired broadband is expanded that
many households will continue to adopt slower technologies already available to them. While it is
natural to expect satellite adoption to decline with proximity to a DSL distribution facility since such
facilities are usually located in cities, it is difficult to provide an alternative hypothesis for why cable
adoption also declines in proximity to DSL facilities and in comparable magnitude.

While Nevo et. al (2015) studies the intensive margin of high speed broadband, I examine the
extensive margin since evaluating entry subsidies requires estimates of how many households will
actually adopt high speed broadband to begin with. Nevo et. al (2015) provide a number of estimates
of consumer surplus conditional on adoption of fibre-to-the-home broadband that delivers download
speeds of 1GB/s and at various prices. Using the most generous of these monthly consumer surplus
estimates, $279 for 1GB/s at a price of zero, I find that at most 67% of unserved census block
regions in North Carolina warrant an entry subsidy to provide broadband quality comparable to
urban areas. The estimate of 67% is a firm upper bound: the consumer surplus figure used is based
on a much higher quality of broadband and a much lower price than what currently exists in most
urban areas. The fraction of census block regions qualifying for an entry subsidy would have to be

adjusted downward by a more accurate estimate of the prevailing consumer surplus in urban areas.

2 Data

I combine two novel household-level datasets with other publicly available data to examine house-
holds’ broadband decisions conditional on the choices available to them. The data are summarized
in Table 1. Because I require the full sample of households that may or may not subscribe to high
speed broadband, the sample area is restricted to the state of North Carolina, the only state which
publishes its entire Master Address File. The Master Address File is a complete list of North Carolina
addresses as well as their latitude/longitude location. HughesNet, the satellite broadband provider
with the largest market share and which offers the fastest speeds, has provided me with subscriber
data including their location and speed chosen. Household-level subscriber data for Charter Com-
munications, the fourth largest cable provider in the United States as of 2014, was obtained via web
scraping in November, 2014. This data indicates for every address in North Carolina whether that
household subscribes to Charter, though I do not observe at what speed.? The National Telecom-
munications and Information Administration (NTIA) database indicates the available options for
broadband at the census block level. Combining these data allows me to characterize the high speed
broadband decisions of all households in 19.5% of North Carolina’s 247,253 census blocks.3

2The subscriber count I obtained from scraping Charter’s website matches well with publicly disclosed subscriber
counts. It is important to note, however, that a household discovered to subscribe to Charter may have only subscribed
to television or home phone and not internet and therefore I have an overestimate of the number of Charter broadband
subscribers.

3DSL, fixed wireless and other slower technologies are not considered broadband and therefore are not tracked by
the NTIA.



3 Household broadband adoption patterns across regions

Charter adoption rates across regions are illustrated in Figure 2. Adoption varies significantly across
census blocks and census tracts, with a mean of 47%. This variance exists not only across all regions
of North Carolina but also within regions where households have the same choice of broadband
provider. There is little evidence to suggest that variance in Charter adoption is driven by price
or service quality variance across regions. First, Charter’s website quotes all households in North
Carolina the same prices and while private discounts may exist, the discounts would have to vary
even within regions where households have the same choice of broadband provider to explain the
variance in adoption. Second, it is well known that the quality of broadband provided via (coaxial)
cable does not degrade meaningfully with distance so that adoption of Charter does not vary across
regions because some are further from distribution facilities.

This evidence suggests that the variance in Charter adoption is driven in part by demand side
factors. In regions where Charter competes with at least one other provider, adoption of Charter is
actually 5% higher. Since the causal effect of competition on Charter adoption is certainly negative,
this suggests demand for broadband is higher in these areas.* The existing literature has consistently
identified high income, white racial background, education, and younger age groups as factors that
are positively associated with internet adoption (Rosston et al., 2010).

In Section 4, I document that the availability of DSL and whether a given dwelling is a manu-
factured home partially explains some of the variance in adoption rates. Manufactured homes are
often not pre-wired for telephone or cable which creates an additional cost for a household to adopt
internet access. I also exploit household distance to the nearest DSL provider’s distribution facility
to document evidence of a substantial number of households adopting DSL despite being an unam-
biguously lower quality product compared to high speed cable broadband. Broadly speaking, these
results suggest that because overall valuations for internet access vary across households as do pref-
erences over connection types, that if universal service is accomplished, adoption rates will be less

than universal because of heterogeneity in the utility from internet access as well as in connection

type.

4 Household substitution patterns across cable, DSL, and

satellite

Define uyp; as household h’s utility from purchasing broadband from provider j. Let up; = Xp8 +¢
where X}, is a vector of household characteristics and ¢ ~ N(0, 02). The probability of the household
purchasing option j is Pr(up; > up—j;). I focus on two providers, Charter Communications and
(HughesNet) satellite broadband, and household characteristics include whether the dwelling is a
manufactured home, distance to the nearest DSL distribution facility, the number of rival broadband
providers present, property value of the home, and the year the home was built. For now a full
discrete choice model is not presented; instead, the probability of purchasing option j is treated

independently of the other options and estimated via probit for illustrative purposes.

4An alternative explanation for this finding is that competition causes Charter to either target secret discounts to
households or to increase its speeds in specifically those regions. While I cannot rule out systematic secret discounting to
households in competitive regions, Figure 2 illustrates that there exists as much variance in adoption within competitive
regions as there is in regions where Charter does not face competition from a wired broadband provider



Table 3 presents the estimates of a probit estimation relating Charter adoption to household
characteristics. Log(Distance to DSL) measures in kilometres the distance of the home to the nearest
DSL distribution facility; a 1% increase in distance from the nearest DSL facility increases the
probability of Charter adoption by roughly 0.05%, but only within the 5 km range of the DSL facility
as expected. Outside of that range, the probability of a household adopting Charter is 6-12% higher.
The probability of a household dwelling in a manufactured home adopting Charter is 8-11% lower
than for non-manufactured homes. Newer homes and homes with higher property values are both
associated with higher probabilities of Charter adoption. An increase in a home’s value by $100,000
is associated with a 5-6% higher probability of adopting Charter, and a home that is ten years newer
is associated with a 2-3% higher probability of adopting Charter.

Table 4 presents the estimates of a probit estimation relating HughesNet satellite adoption to
household characteristics. A 1% increase in distance from the nearest DSL facility increases the
probability of satellite adoption by 0.0003%, but only within the 5 km range of the DSL facility.
Outside of that range, the probability of a household adopting HughesNet is 0.1-0.3% higher. The
probability of a household dwelling in a manufactured home adopting satellite is 0.3-0.7% higher
than non-manufactured homes. A home that is ten years newer is associated with a 0.04% increase
in the probability of adopting satellite, while there is no relationship between the value of the home
and satellite adoption. While these magnitudes appear small, they must be compared to the mean
probability of satellite adoption which is only 0.07 compared to the mean probability of Charter
adoption of 0.47. On that basis, the magnitudes of the key estimated effects are very comparable,
especially for the effect of dwelling in a manufactured home which has a negative effect on Charter
adoption and an almost identical but positive effect on satellite adoption as expected.

Since I only observe each household’s binary adoption decision and not the latent utility from
adoption, I can only estimate each household’s surplus from adoption up to scale. Intuitively, if a
household has characteristics that make adoption probable then that household likely has a higher
latent utility from adoption. These adoption probabilities do not vary significantly across served
and unserved regions. However, a much richer set of household characteristics is necessary to make
this conclusion confidently, particularly the characteristics frequently identified in the literature as
being important. The household characteristics considered, while significant, explain only 3% of the

variance in adoption.

5 Estimates of census block regions warranting a welfare im-
proving subsidy

A private broadband provider will only enter a market if the expected profits are greater than
the fixed cost of entry, whereas from a social welfare point of view, entry should occur whenever
expected profits plus consumer surplus are greater than the fixed cost of entry. Therefore the scope
for entry subsidies is closely tied to consumer surplus and the extent to which broadband providers
can capture it. I identify the fraction of North Carolina census blocks warranting an entry subsidy
by exploiting variation in the fixed cost of entry driven by household density, the entry decisions
of existing providers, and estimates of consumer surplus taken from Nevo et. al (2015) for 1GB/s
download speed quality broadband.

All else equal, the fixed cost of entry should be linear in household density. If the homes of one



region are twice as spread out as homes in another region, the fixed cost of entry is expected to be
twice as large in the former region compared to the latter. The entry patterns of existing providers
presented in Table 5 strongly confirms this pattern: density is a major factor explaining the number
of providers in a region. To be specific, 31% of the variation in the number of providers is explained
by household density alone. I take the regions with a single provider to be regions where private
variable profits are closest to the fixed cost of entry. This is a proxy for the density level at which
firms break even, under the assumption of homogeneous household surplus and adoption rates across
regions.? This break even density level is approximately 160 households per square kilometre. In
order to induce a firm to enter a region with a lower density, d, the firm will require a per-household
subsidy of (% — 1)p where p is the prevailing uniform price for broadband and taken to be $40,
the price of Charter’s most popular broadband package. Following Goolsbee (2002), the maximum
subsidy that should be offered, however, cannot exceed the average adopting household’s consumer
surplus. Estimates of the average adopting household’s consumer surplus are taken from Nevo et al.
(2015).

Table 6 calculates, under different estimates of consumer surplus, an upper bound on the fraction
of currently unserved census block regions with a density high enough to induce a provider to enter
with an entry subsidy not exceeding consumer surplus in the region. The consumer surplus estimates
vary from $175 to $279 under different assumptions regarding pricing and what other alternative
speeds are available. For my purposes, $279 is an estimate very generous to finding a larger share
of qualifying regions since it represents the consumer surplus of 1GB/s speeds offered at a price of
zero. Using this most generous estimate of consumer surplus, fewer than 67% of currently unserved
regions in North Carolina qualify for a welfare improving entry subsidy. Under the least generous
estimate of consumer surplus, $175, fewer than 52% qualify.

Table 7 shows the marginal subsidy expenditure required to expand service to a given percentage
of currently unserved regions. The marginal subsidy cost of expanding service to the 90% least dense
area of North Carolina is $789 per month. To connect the 99% least dense area of North Carolina
would require a monthly subsidy of $4729. Since these figures are well above the most generous
estimate of consumer surplus, $279 per month, I find that a policy of full universal service is not

warranted in North Carolina.

6 Conclusion

Universal service policies seek to achieve universal access to some service, but it is another matter
whether universal adoption of that service will occur. In the context of universal service policies to
expand high speed wired broadband to rural areas, this paper documents the internet adoption pat-
terns from a sample of North Carolina’s roughly 4.5 million households. Not surprisingly, household
adoption patterns vary widely across regions in North Carolina even after controlling for the broad-
band options available, suggesting that demand and therefore underlying household valuations for
broadband vary from household to household. In particular, in semi-rural areas where a leading cable
provider (Charter Communications) is a monopolist seller of high speed wired broadband, adoption
is less than 47%.

5Regions within 1 kilometre of the border are another natural region to assume the minimum density which can
sustain a single provider but it is irrelevant because the densities are virtually identical in either case.



While universal access may be achieved in North Carolina, it is unreasonable to expect universal
adoption. I document evidence that there is a substantial margin of elasticity between high speed
wired broadband and other slower forms of internet access: DSL and satellite broadband. Specifically,
household dwellings that are manufactured homes are approximately 17-23% less likely to adopt high
speed wired broadband because manufactured homes are often not pre-wired for cable or telephone.
Consistent with this claim, and not that households dwelling in manufactured homes are linked to
demographics correlated with low willingness to pay for internet access, these same households are
at least 43% more likely to adopt satellite broadband since the relative cost of connection is lower.

Similarly, households within 5 kilometres of a DSL distribution facility (the effective range of
DSL) are approximately 13-26% less likely to adopt Charter, evidence that households are willing
to substantially trade off the higher speeds of cable broadband for features specific to the DSL
provider such as potentially lower price. Consistent with this claim, households are more likely to
adopt Charter the further the household is located from the DSL distribution facility within this 5
kilometre radius. These results are conditional on the choice sets of high speed broadband providers
available, the property value of the dwelling and its year of construction.

Under very generous assumptions regarding the surplus that households receive from high speed
broadband, I estimate that no more than 67% of currently unserved regions of North Carolina war-
rant an entry subsidy. This estimate is a firm upper bound since it is based upon a consumer surplus
estimate of 1GB/s download speeds offered at a zero price. In contrast, the current entry subsidy
scheme favored by the Federal Communications Commission requires providers offer only 10MB/s
download speeds and at prices comparable to urban areas. Not surprisingly, a policy of full univer-
sal service in North Carolina does not meet the welfare standards prescribed by Goolsbee (2002).
To justify serving the 10% least dense areas of North Carolina requires that the average adopting
household have a monthly valuation of over $789 per month.

It remains unclear whether alternative forms of subsidy policies are warranted. Goolsbee (2002)
favors entry over per-unit subsidies because per-unit subsidies attract marginal to low valuation
adopters. However, in the context of internet adoption, Goldfarb and Prince (2008) show that while
low income households are less likely to adopt, if they do adopt then their usage is higher since they
observe an effectively zero usage price. On the other hand, Carare et. al (2014) find from survey data
that roughly two-thirds of non-adopters have a zero willingness to pay for high speed broadband.
Future work that creates a tighter link between adoption on the extensive margin, usage on the
intensive margin, and the exact source of network externalities in the context of optimal subsidy

policy is warranted.
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Table 1: Data Sources

Description Level of Observation Source Time Period Number of Observations
Satellite subscribers Household HughesNet September, 2014 2x,XXX
Charter subscribers Household Web Scraping  November, 2014 122,053

Choice Set Census Block NTIA 2014 247,253
Master Address File Household State of NC 2014 4,766,652

NTTA Broadband Map available at http://www2.ntia.doc.gov /broadband-data
Master Address File available at http://www.cgia.state.nc.us/Services/NCMaster Address.aspx



Table 2: Summary Statistics

Variable (Household-Level, Charter Regions) Obs Mean  Std Dev  Min Max
Charter Subscriber Dummy 129,391 0.47 0.50 0 1
Number of Providers 228,308 1.89 0.56 0 4
Manufactured Home Dummy 142,084 0.04 0.19 0 1
log(Distance to DSL) 228,308 2.60 1.30 -5.28 5.54
{Distance to DSL > 5 km} 228,308 0.82 0.50 0 1
Home Value 127,221 169,656 174,054 10,000 13,826,540
Year Built 126,117 1970 27 1900 2015
Variable (Household-Level, All Regions) Obs Mean  Std Dev  Min Max
HughesNet Subscriber Dummy 3,065,438  0.007 0.08 0 1
Number of Providers 3,053,878 1.89 0.89 0 )
Manufactured Home Dummy 278,751 0.06 0.24 0 1
log(Distance to DSL) 3,041,390 3.05 1.26 -4.39 5.54
{Distance to DSL > 5 km} 3,065,438 0.85 0.35 0 1
Home Value 267,744 209,355 287,420 10,000 21,500,000
Year Built 260,908 1982 24.33 1900 2015

10



Charter only provider available

Multiple providers available
(Census Block Level)

(Census Block Level)

n _
(=20 ol
2o g
ol W
[= cT
oo (Y]
g™ g2
Q D
=g T
o T T T T T T o T T T T T
0 2 4 6 8 1 0 2 4 6 8
Adoption of Charter Adoption of Charter
Charter only provider available Multiple providers available
(Census Tract Level) (Census Tract Level)
= & -
< Lo
&1 z
) 62 -
= =3
g2 - 8
Lt E n -
(=] T T T T T O - T T T T
0 2 4 6 8 0 2 4 6 8

;&doption of Charter Adopﬁcn-of Charter

Figure 2: Variance of Charter adoption across regions

11



Table 3: Dependent variable is whether a household purchases Charter Communications broadband
or not. Estimated via probit. Standard errors clustered at the census block level.

(1) ) (3) 0
Number of Providers -0.00 0.03* -0.25%+* -0.09%**
(0.04) (0.02) (0.05) (0.02)
log(Distance to DSL)/1000 141.65%**  141.59%F*F  102.40%**  128.50%***
(21.92) (21.92) (24.02) (23.79)
{Distance to DSL > 5 km} 0.14%** 0.29%**
(0.04) (0.04)
log(Distance to DSL)/1000 x {Distance to DSL > 5 km} -145.96%+* -189.96%**
(24.27) (26.40)
Manufactured Dummy -0.21%* -0.29%%*
(0.09) (0.03)
(Home Value) /1000 0.127%%% 0.06%**
(0.03) (0.01)
(Year Built)/10 0.04%** 0.03%**
(0.01) (0.00)
Constant -0.20%** -0.27H4% ST T4 -6.48%**
(0.08) (0.04) (1.28) (0.61)
Only within 5km of DSL Yes No Yes No
R-Squared 0.00 0.02 0.01 0.05
N 26,654 129,391 17,617 79,340
Marginal effects of key variables evaluated at mean (1) (2) (3) (4)
log(Distance to DSL) 0.06%**  0.06%**  0.04***  0.05%**
Manufactured Dummy -0.08%F  _0.11%**
{Distance to DSL > 5 km} 0.06%** (.12
(Home Value)/100000 0.05**  0.06%**
(Year Built)/10 0.02%**  (.03%**
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Table 4: Dependent variable is whether a household purchases HughesNet satellite broadband or not.

Estimated via probit. Standard errors clustered at the census block level.

1) ) 3) (1)
Number of Providers -0.16%FF  -0.23%FF  _0.38%**  -0.36%**
0.01)  (0.00)  (0.04)  (0.01)
log(Distance to DSL)/1000 37.80%FF  34.09%*F  95.01%*  95.46%*
(14.55)  (14.75)  (46.35)  (47.19)
{Distance to DSL > 5 km} 0.13%#* .27
(0.02) (0.07)
log(Distance to DSL)/1000 x {Distance to DSL > 5 km} -53.85%** -117.70%*
(15.37) (48.42)
Manufactured Dummy 0.22%* 0.30%**
(0.10) (0.03)
(Home Value)/100,000 -0.01 -0.00
0.02)  (0.01)
(Year Built)/10 0.02%  0.02%F
0.01)  (0.00)
Constant S2.44FFE D 30K 5. 84%K 6. 37K
0.03)  (0.02)  (231)  (0.77)
Only within 5km of DSL Yes No Yes No
R-Squared 0.00 0.02 0.01 0.05
N 651,301 4520047 34173 254,397
Marginal effects of key variables evaluated at mean (1) 2) (3) (4)
log(Distance to DSL) 0.0003*  0.0004*  0.001** 0.001*
Manufactured Dummy 0.003*  0.007***
{Distance to DSL > 5 km} 0.001%** 0.003%**
(Home Value) /100000 -0.0002  -0.0001
0.0002  0.0004***

(Year Built)/10
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Table 5: Density as a major determinant of the number of broadband providers

Number of Providers Average Density (Households per km?)
0 58

126

274

495

565

1216

T W N =

Table 6: Fraction of regions in North Carolina warranting an entry subsidy as a function of consumer
surplus estimates (conditional on adoption)
Estimate of monthly CS Fraction of regions qualifying for subsidy

$175 .52
$194 .55
$213 .58
$279 .67

Table 7: The subsidy cost per-adopting household as a function of the desired coverage of the
broadband footprint in currently unserved regions of North Carolina

Desired coverage Required monthly subsidy

50% $164
67% $279
75% $375
90% $789
95% $1550
99% $4729
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